Histone arginine methylation keeps RUNX1 target genes in an intermediate state.
The coordinated recruitment of epigenetic regulators of gene expression by transcription factors such as RUNX1 (AML1, acute myeloid leukemia 1) is crucial for hematopoietic differentiation. Here, we identify protein arginine methyltransferase 6 (PRMT6) as a central functional component of a RUNX1 corepressor complex containing Sin3a and HDAC1 in human hematopoietic progenitor cells. PRMT6 is recruited by RUNX1 and mediates asymmetric histone H3 arginine-2 dimethylation (H3R2me2a) at megakaryocytic genes in progenitor cells. H3R2me2a keeps RUNX1 target genes in an intermediate state with concomitant H3K27me3 and H3K4me2 but not H3K4me3. Upon megakaryocytic differentiation PRMT6 binding is lost, the H3R2me2a mark decreases and a coactivator complex containing WDR5/MLL and p300/pCAF is recruited. This leads to an increase of H3K4me3 and H3K9ac, which result in augmented gene expression. Our results provide novel mechanistic insight into how RUNX1 activity in hematopoietic progenitor cells maintains differentiation genes in a suppressed state but poised for rapid transcriptional activation.